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Statement of Objective

Vi
|3

e objective of this paper is to present a detailed

explanation of the OPDEP plant layout program, and contrast {t
with ALDEP, the program upon which it is based. An explanation
of the ALDEP program is presented first, along with a critique
of its performance, then two improved versions are discussed.
The first improved version)@s};alled ALRANDOM, wh%ehiaerely
generates layouts according to the modified output of a random
number generator, The second version)ichalled OPDEP, .This
program is considerably mdre sophisticated than the others,
and generates its layouts according to a complex heuristic
algorithm. This algorithm optimizes the aepartment‘selectiop
process by analyzing the portion of the layout already
completed before making the next department selection,

Detailed instructions for using the program, as.we}l as

methods for getting the best results from the program are

provided. Finally, a comparison of the three programs on some

2xample problems and conclusions on their performance ie— 8 '€
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CHAPTER I. INTRODUCTION

Review of Pravious Work

One of the earliest works involving a systematized
technique of plant layout can be traced to "Systematic Layout
Planning", by Richard Muther (1). He attempts to provide
procadures with sufficient structure to permit practical
problems to be solved economically with a systematic approach.
His book introduced the relationship chart and the
relationship classifications which later became the basis for

a number of the computer plant layout routines,

Computer programs for facilities layout have been in use
since 1953, when CRAFT (Computerized Relative Allocation of
Facilities Technique) was introduced (2). Computerized plant
layout routines may be classified as either 1) construction
type or 2) improvement type. The construction algorithms build
or construct a solution in an open floor area from the raw
data. The improvement algorithms require a feasible solution
as part of the input. The program works on this feasible
solution and improves it until no further improvements can be
founi.

A recent survey (1974) conducted by J.M. Moore (3)
indicated that there were approximately twice 2s many

construction routines as improvement routines., The following

—— o~ — s




routines were identified as construction routines, the

asterisk indicates the program is widely used:

ALDEP * GENOPT LsP
coLo2 IMAGE MUSTLAP2
CCoMP2z KONUVER PLAN
COMSBUL LAYADAPT PLANET *
CORELAP * LAYOPT SISTLAP
JOMIND LAYOUT SUMI

The following routines were identified as lsyout improvement

routines:
ALDEP *® GRASP QFFICE
CCFAD * KONUVER PREP
COSFAD LAYADAPT SET
CRAFT *

According to 3 1975 survey ecoanducted by the Facilities
Planning and Design Division of AIIE (American Institute of
Industrial Engineers), approximately one in three of the
participants of the survey have had some experience with
computer programs designed to assist in layout work.
Eighty-three percent of those experienced with computer aided
layout programs responded that the programs were being used
either to generate alternative layouts or to evaluate
alternative layouts. The survey also indicated some
dissatisfaction with the inability of most plant layout
programs to gensrate practical or usable layouts, but most
users indicated the programs were of some value in the early
stages of design work in eliminating many of the inefficient

or unuseable layouts,
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The author, in preparing to write the OPDEP program,
obtained copies of several of the above programs and

information on most of them by writing to the addresses listed

in J. M. Moore's previously referenced international survey.

COFAD is one of the most recent programs developed, and
also appears to be one of the most useful (4)., It is a
sophisticated version of CRAFT which includes expanded cost
and alternative material handling data that is used in
designing the layout. The layouts generated by this program
are quite realistic but seem to lack imagination and
creativity.

CORELAP is another routine which seems to give generally
good results on most layout problems (5). It is unique in its
design approach in that the first department placed in the
layout is always the one which has the highest cumulative
preference for other departments. The first department is
always placed in the middle of the layout to ensure adequate
space for all preferred departments to be placed around it. Of
all the layout algorithms investigated by the author, CORELAP
seems to generate the most consistently good designs. The
logic that ensures the {irst department to place will always
be on2 with a high number of preferences for other
departments, also prevents the program (CORELAP)from
experimenting with other layouts using different departments

at the center. This tends to limit the flexibility and
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creativeness of the designs. It seemed to the author that the
primary advantage of the computer is its speed in creating and
evaluating different designs. Therefore, it did not seem
logical to unnecessarily limit the creative potential of the
design program. This was the approach taken in the development
of OPDEP.

Many of the routines are restricted to very specialized
portions of plant layout problems and cannot be used for
actual design or evaluation of designs (IMAGE, CRAFT, LAYOPT)
(6),(7). Others can be used for design but only to the degree
that the building must be built around the layout (KONUVER,
PLANET, SISTLAP) (3),(8). The most versatile of the programs
studied by the author was ALDEP (9), because so many
restrictions on the design can be imposed by the user.
Unfortunately the ALDEP program, though versatile, does not
always produce results that are very useful to the plant

layout designer.

It would be a very interesting experiment to compare all
of these programs on a standard layout problem and make a
relative ranking of their effectiveness based on a comparison
of their designs. Howa2ver, the evaluation of the designs would

nave %o be staniardized and conducted o5n the basis of the same

of these programs is quite different and to evaluate them all

by the same method would be very difficult, The author decided
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on the basis of a subjective comparison that the program with
the most potential for pure design work was ALDEP, even though
its designs were not as good as several of the other programs.
The author was first introduced to the ALDEP program
while using it to make plant layouts for an Industrial
Engineering Design course at Iowa State University. It was
discovered, after running the program extensively, that the
layouts produced were of little value and the program seemed
very insensitive to changes in the input data. To make this
program more useful as a plant layout design tool, it seemed
desirable to make some improvements in the way the program
interpreted and used the data input to it. ""i1erefore, the
author undertoox the task of rewriting the program. As it
turned out, the most difficult thing to do was to fully
understand the original program. This was partly due to the
lack of comments used by the original programmer, as well as
to the early unstructured style of Fortran programming used in

Wwriting the program.
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Statement of Objective

The objective of this paper is to present a detailed
explanation of the OPDEP plant layout program, and contrast it
with ALDEP, the program upon which it is based. An explanation
of the ALDEP program is presented first, along with a critique
of its performance, then two improved versions are discussed.
The first improved version is called ALRANDOM, which merely
generates layouts according to the modified output of a random
number generator., The second version is called QPDEP. This
program is considerably more sophisticated than the others,
and generates its layouts according to a complex heuristic
algorithm. This algorithm optimizes the department selection
process by analyzing the portion of the layout already
completed before making the next department selection.
Detailed instructions for using the program, as well as
methods for getting the best results from the program are
provided. Finally, a comparison of the three programs on some
example problems and conclusions on tneir performance is

presanted,
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CHAPTER II. THE LOGIC OF THE PROGRAMS

Explanation of ALDEP

The ALDEP program was written by Wayne 0. Evans of IBM in
1957. The program is marketed by IBM and has been used widely
as a computer aid to plant layout. The program consists of a
main program and 4 subroutines; they are: DECODE, ASSIGN,
LAYOUT and EVALU. The main program first initializes the
various arrays and variables used throughout the progrém and
assigns the required constants. Next, the input data, with the
exception of preassignment data, are read in. The input data
will be explained in detail in Chapter III - Example Problem,
so it is only listed here. The input data consist of a date
and run code, random number generator seed, design parameters
to control the patterns used in the layout process, a variable
format for each of the three floors, square size, rounding
factor, number of layouts desired, minimum acceptable score to
print out, value of a necessary relationship, department
numbers and areas, preference matrix and finally
preassignments, followed by a trailer card to indicztz the ani

o2f the run or %ne start of znother data set.
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The DECCDZI sudroutine is than called tc zonw
letters A, £, I, 0, U, and X in the preference mzirizx to zae
T

builc-in integer values of the program. Tne prefarsnc2 matrix
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is a matrix whose row and column intersections contain the
desired relationship between the department represented by the
row, and the department represented by the column. The A
preference represents a relationship between two-departments
which Absolutely requires they be close to each other. Tha E
preference represents a relationship between two departments
which Especially requires they be close to each other. The I
preference represents a relationship between two departments
signifying it is Important they be close to each other. The O
preference represents a relationship in which closeness is
Optional. The U represents a relationship in which closeness
is Unnecessary, and the X represents a relationship in which
closeness is eXtraordinarily undesirable (1). The built in
values corresponding. to the letters A through X are 54, 16, 4,
1, 0, and -1023 respectively. Obviously A represents the most
important positive relationship and the other letters
represent a less important positive relation in descending
order to X which has a nagative relationship. The DECODE
subroutine translates this matrix of letters into one
containing only integers for more efficient interpretation by
the program.

Th2 ASSIGY sudbroutine is called next to read in data on
departments that are restricted to a psrticular floor in a
multifloor layout, or to restrict departments to specific

squares within 3 floor. This prevents tnese departments from




being laid out at the discretion of the program. To do this,
the ASSIGN subroutine tabulates a matrix of these
preassignments, and then equates it to the layout matrix at
the Qtart of every layout, so preassigned departments will
always be in the same location. ASSIGN also builds a two
dimensional array called XFLOR, which contains the department
numbers to be 1aid'out on each floor and keeps track of the
departments which have and have not been laid out as the
design progresses.

The LAYOUT subroutine is called repeatedly for as many
layouts as are specified, to perform the actual design,
process. The first step is to generate a randomly ordered
array of numbers which correspond to the numbers of the
departments being laid out (no duplicate numbers). LAYOUT uses
a self-contained random number generator, identical to the
RANDU subroutine available with most Fortran compilers. In
ALDEP, the random array NRANDM is used to select the first
department to lay out each time it is called and also to
choose subsequant departments, when one cannot be found by
searching the preference matrix. The first number in NRANDM,
which wWwas not preassigned is used as the first department to
lay osut, The first number which has not been laid out or

preassignad 1s used when zhoosing the next department to lay

ous.

The next step in LAYOUT is to verify that the departments
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with their respective areas, as input, can be fitted into the
dimensions of the building specified in the input data. If
not, an appropriate diagnostic message is printed out;
otherwise the program continues and begins the actual design
work.

The dimensions of the layout matrix and the input sweep
length are combined to make an if loop/do loop combination,
wnich determines the pattern the layout design will follow.
The design starts in the upper left hand corner of the layout
matrix and moves right in a do loop until the sweep length is
reached as the upper limit of the do loop. Then the row number
is incremented by one, which moves the pattern down to the
second row. Hare the if loop takes over and moves from right
to left until it has moved left a distance equal to the sweep
length. The row number is incremented again to move the
pattern down to the third row and the do loop begins again to
move right. This zig zag pattern continues until the bottom of
the matrix is reached. At this point, the upper and lower
limits of both loops are adjusted so the pattern continues
just to tne right and moves upward. The same sequence is
continued until th2 matrix has been completely filled, or
tnere are no more Jdepartments to place, Th2 following diagranm

Snows this pattern graphically:

oo
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i sweep length= 2

-——- building width= 5

' building depth=z 4

i start in column 1

]

finish

This design pattern can be modified by changing the sweep
length parameter or the column to start placement parameter,
Now that the pattern is determined, the manner in which
departments are selected for placement will be discussed. As
mentioned previously, the first department to place is always
the first number contained in the NRANDM array that has not
already been preassigned. This department is laid out in the
design pattern until the number of squares it is to occupy is
reached. The number of squares is contained in the variable
XMT which is reset each time a department is selected. The
program first tests the particular square it is about to fill
with the current department number, to make sure it is empty
(contains a zero). If it is not empty the design pattern is
continued until the next empty square is found, This prevents

overwriting on top of a square which was intended to bde
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preassigned. Preassigned means the user has specified that a
department be placed in a specific square or squares.

The program is now ready to lay out the next department.
To move the program in the right direction in its search for
good layouts, the author of ALDEP used a search procedure on
the decoded preference matrix to select subsequent departments
to lay out. This search procedure takes the number of the
department just.laid out as the column number of the
preference matrix to search. However, it does not search all
the positive values for a maximum. It only searches until it
finds a value for a preference greater than or equal to the
input value of a necessary relationship, heareafter referred to
as MUST. This, in effect, tells the LAYOUT subroutine that a
preference must be at least equal to this value to be
considered for selection as the next department to place,
provided it has not already been laid out or is not
preassigned., The problem with this approach is that to have
all preferences considered in the design as they should be,
the value of MUST has to be specified as some relatively small
number, say 4 or 1, Then, when LAYJUT does its search, it may
find a 4 as one of the first preferences in the column and

will select that department number which corresponds to the

prelerence as the naxt one to place. The search stops there
However, there may very well be several other values in the

column that are much higher and would have been better
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choices,.

Evans (9), the author of ALDEP, attempts to compensate
for this problem by recommending that only the A preference
value be used as the value of the necessary relationship. This
only prevents the program from considering preferences that
are smaller than the maximum value, forcing the use of the
random number array as the primary means of selecting a
department, when all the values in the preference table should
be used. What about the case of a column that contains several
preferences smaller than MUST? The ALDEP program does not
consider these and goes on to select the next department
randomly with little chance of it being the one which will
optimize the layout at that point. The search procedure makes
no provisions for the case where several preferences that are
greater than or equal to MUST are found, but have the same
value (ties). The procedure always chooses the first one found
that has not been placed. This logic steers the program in the
same direction on each design, while random selection among
the tied departments may steer the program towards some
altogether Jdifferent an<d preferable layout.

Zvans was attenpiing to guida the prozgran in the
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in3 the variability that is

/
invwerent in a3 random numbar¢ generator, eventually lead to an
optimal design. What actually occurs in most layout problems

is that the search procedure consistently guides the layout in
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the same direction, so the same designs are found over and
over again, and they are by no means the best ones.

The following table presents a very simple preference
matrix which will illustrate the nonoptimality of this search

procedure,

Table 1 Example Preference Matrix #*

1 2 3 4 5 § 7 8
101 0 0 32 0 32 32 64 1
102 0 0 432 032 0 1
103 32 4 0 O 1 64 64 16
104 032 0 0 16 0 64 16
105 32 0 116 016 0 O
106 32 32 64 0 16 0 16 O
107 64 O 64 64 0 16 0 64
108 1 116 0 O 064 O

D D D P Y P Y D R G D D D D G e G WD D R D D WD W S W SR e

®* Assume for this example that:
NRANDM = 108,101,102,107,106,
103,105,104 and MUST = 64

In this example, 103 would be the first department placed
by the program since it occurs first in the HRANDM array. The
column corresponding to 103 is searched first to find that
department whose preference to b2 placed next %o 108 is the
nighest. The ALDEP procedure operates satisfactorily on this
column Yecause there is a value equal to must in the seventh

row which corresponds to department 107. Tharefore, department

. e e . -— " n oS
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107 will be placed next, since it has not been placed already
and is not preassigned. The column for 107 is now searched;
the procedure fails here because both 103 and 104 have a
preference of 64, but since 101's preference occurs first,
they are not even considered and have no chance to be selected
on subsequent runs beginning with 108. Instead, 101 is
selected and laid out. When 101's column is searched, the
search fails since the only 54 belongs to 107, which has
already been laid out. Departments 103, 105 and 105 would have
been good choices but were ignored by the search. The program
is forced to use the random number array for selection and 102
is chosen since 103 and 101 have been laid out. Department 102
is obviously not the best choice. The sequence can be
continued to demonstrate other nonoptimal choices resulting
from this search procedure. If the ALDEP search procedure
fails frequently enough the program chooses the departments
randomly and eventually designs some good layouts. More often
than not however, the sequance becomes locked into some
undesirable order, and the good designs are never found. The
LAYCUT subdroutine continues in this manner until all the
departments have been laid out, tha2n the EVALU subroutine is
called to score thes design just completed by LAYOUT.

EVALU scores each square in the layout matrix
individually, according to the preference mairix. At the start

of the evaluation, a copy of the preference matrix is made
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from the original and useI one time only, Each preference thsat
is satisfied by the layout is adaed to the layout score aad
then set to zero in thie 20py, until all the sguares have bee
evaluated., At the end >f tha2 evaluation, each preference thsat
has not been satisfied is still in this copy of the preference
matrix, but all tne othars ars zero. Tc find those preferenczes

not satisfied by the laycut, the progranm tallys all those that

remain in the

[¥]

opy of the preference mitrix, This list is
printed bslow each layosut mstrix on tne program output. The
value of a nacesszry relationsnip, that was input by th2 user,
determines th2 minimunm preference to considar in makinzg the
list of preferences tnat were not satisfied. If a value cf 64
(A) is input as the valu? of a close relationship, then only

the A preferences that were not satisfied are listaed. In a

“n

large complex layout problem, it is no%t unusual to have

several pages of unsati=zfied prefercences listed, if a small

-
w
B

1 4

value is input for the valuz of 1 ziose reiationship. EVALU
considers a preferanze to 5o satisfied wnen the wYwo

departments invoives zre 1:31d out s33jiacent Lo 2:zch other,

- = - v - - - 4 -3 & -
~Wo depariments, thnelir nrzlarance 12 52 scsral as satisfield,

This is a feature of tTa=2 ¢v2luznion susrodtin: that can zzuse
£002 1ayduts Sz 22 Jverlssked Ly th2 prszran., A larga nunser

of departments 237 22 lail 2ul with on: squsre separciting

1Y

tnem, 80 that tha2ir preferenze is not addad to the scare in
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one layout, In another layoutl, these same departments can be
laid out separated by many squares and receive the same score,
provided that everything else is the same. In other words, the
"all or none" criterion of the evaluation considers a short
separation to be as bad as a large separation between

departments,

Explanation of ALRANDOM

The ALRANDOM program is very much like ALDEP, except that
the preference matrix is ignored entirely during the design
process, and is used only to evaluate the design after it is
completed. The selection sequence of subsequent departments is
done entirely by the random number generator, so that any
tendency towards a certain selection sequence is theoretically
eliminated. If there is a bias in the random number generator,
then of course this bias will affect the selection sequence
also. The serious disadvantage of this program is that
although it is free to pursue any pcssible sequence of
department selections, the number of different random number
arrays possible for an average layout problem is astronomical.
For a sma2ll number of departments, say 29, the number of
different randomly ordered arrays containing the numbaers 1

through 20 is 20 factorial (!) or é.u32902 times 10 to the
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18th. That is 2.43 billion billion different possibilities.
Experience with the program indicates that for an average
layout of 20 departments, approximately S layouts can be
designed, evaluated and tested / second of CPU time on the
Digital - VAX 11/780 system. Therefore, a minimum of
15,429,363,000 years of CPU time on the VAX system would be
required to deSign, evaluate and test 3all the possible layouts
from the ALRANDOM program. This is assuming that the random
number generator 1s a perfect one and that its period of
repetition is larger than 20!. Most computerized random number
generators have a period of repetition that is a large number,
but one might wonder if the period could be large enough to
give satisfactory results on a problem such as this one.

To determine if the period of the rancdom number generator
is a limiting factor in the performance of the ALRANDOM
program, the author wrote a program tc find the average number
of cycles the generator gozs tnrough before the first
duplicate of the first NRANDM array is generated.
Theoretically, th2 average number 2f cycles a perfect
generator should g5 tarcugh btefore sucn a2 duplicate array is
generated is N!, whare N is the numbar of elements irn the
array. This is becaus2 thase varizus numnbers of cycles
raquired by tha2 generator :zond:
distribution, The exp22tsd vziue 2f tn2 m2an of the geometric

distribution is given by 1°2?, wrer2 2 is the probadility of
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generating a duplicate in any given attempt (10). For example
with an array size of 6 randomly ordered numbers between 1 and
6 (each number is contained only once in an array) there are
6! or 720 different arrays that can be generated. Therefore,
over a large number of generations, the average cycles between
duplication of the first array should tend toward this number
of different possible arrays (720). This expectation is
confirmed by the program, at least for the small array sizes
(3,4,5,6,7,8,9 and 10) that are practical, in terms of cpu
time for this test program to process. This test program is
contained in Appendix B. It should be reasonable to
extrapolate these results to the larger array sizes, to the
extent that the duplications of any given array will not occur
in the 9,939 layouts that are possible in any one run of this
program. Therefore, the random number generator used in these
programs (UNI) snhould not be a limiting factor. In all the
array sizes mentioned above, the average number of cycles of
the generator required before the first duplicate (of the
object array) was found, was within 1 percent of the factorial
of the array size. Layouis with more than 8 departmen‘'s (8! is
43,320) require such a large amount of computer time for
ALRANDOM %o design all possible laysuts, that it becomes
impractical to use, Unfortunately, the larger the layout is,
the more Denefit a layout optimization program can be in

designing the layout.
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As fast as the latest generation of digital computers has
become, they are not yet fast enough to make this random
design approach practical. Some form of optimization must be
used to eliminate the vast majority of unacceptable layout
designs.

This program was written to serve as a baseline with
Wwhich to compare the other programs. In order to tell how
effective the program is in developing good layouts, it is
necessary to know what part of the layout score can be
attributed to random chance. This can be determined by
comparing the score of ALRANDOM on a particular data set to
the other programs using the identical data set., ALRANDOM uses
the same random number generator, so meaningful comparisons
can be made among the three programs, provided the same
generator seeds are used. If significant improvement in the
layout scores results from using ALDEP rather than ALRANDOM on
identical data, then it can be concluded that the program
interaction with the selection sequence has been effective,
Tnis same type of test can be made among any of the three
programs for comparison purposes. The results of these tests

are presented in Chapter IY of this paper.
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The Development of OPDEP

The author's first attempt to improve ALDEP involved
replacement of the section of code in the LAYOUT subroutine
which searches the preference matrix with a call to another
subroutine called SELECT. SELECT, in this first version, was
a relatively short subroutine of about 80 statements which
searched the appropriate column of the preference matrix. The
search procedure used was considerably different than the one
used in ALDEP, no minimum value was specified to use in
searching the column in the preference matrix. The search was
performed for all positive preference values. These values
Wwere placed in an array and the maximum value or values were
found and placad in another array. If ties existed in this
array, a random method of selecting one of the tied
departments w3s e2mployed. The random number array NRANDM was

used to settle the tie situation by finding which of the tied

1]

department numbers occurrad first in ths NRANDM agrray, and

aced next by the LAYOUT

ra

than selecting that department to o

1]

o)
subroutine, As an example of this tie breaxking method, assume

th2 column search has discovered three departments: 3, 7, and
3 whizcn all have a2 preference of 54, to be placed next to the

department just placed by the program. Assume further thst the

random number array is: 4, 1, 7, 3, 5, 6, 2, 8. Since 7 occurs
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first in the array, it will te sz2lected as the next dzpartment
to place. This technique provides enough variability to insure
that when several equal choices are available, eventuszlly all
Wwill be tried and the design will not be locked into some
narrowly defined sequence of selecticns., Tris rfirst version
was called ALDEPZ2.

ALDEP2 resulted in siznificant improvement in every
layout problem attempted. Gocd deosigns were generated much
sooner than with ALDEP?, and very goccd ones were 2ventuzlly

generated that could never be genzrated using ALDEP. There was

[

still a problem, however, wih2n preassigned departments were

[&]

placed in the layout matrix.

dhen the search of the preference matrix is done, the
previously placed department number is used as the column
number to search in the praferenca =matrix. To receive

consideration as a department to ol

1
o]
[
{1

ome othar department

o)

next to, the departmant nust {first be placed by tha LAYOUT
subroutine. Then tn2 department number is passed to SELECT eas
the one for which to cptimize the nzxt s2lection. Preassigned
departments are nevar piicad Dy the LAYLUT subroutine, Because
trey are in the layout mauric at tna2 time LAYOUT is called
thay receive nd more <In3iderz2tion Yhan tn2 Soundaries of the
matrix,

Anothar shortconming of ALDZI®2 w3z its {arlure %o fully

utilize available information on th2 Jeopartments already in

- L
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the program, those remaining to se placed, and their
respective preferences. It was decided that LAYOUT should pass
the coordinates of the next empty square in the design pattern
to SELECT rather than passing the last department number
placed. Then, SELECT should look at all the squares which
surround the one passed to it and see which of these 8 sgquares
already nave departments contained in them. The ones which
contain numbers should all be given consideration when
attempting to optimize the choice of the next department to
place. In this manner, departments in any of these 8 squares
wiiich have beasn placed by the program, or preassigned by the
user, would receive equal consideration by the program.

To accomplish this increased "awareness" by the program
required only a few changes to the LAYOUT subroutine, but
SELECT had to be increased in length and complexity by a
considerable degree. SELECT is now over 200 statements long
and has a number of nested do loops, so the number of
statements executed each time SELECT is called has increased
greatly.

SELECT now begins by checking what is contained in each

of the 3 sgquares surrcunding tne square whose coordinates have

[OH

t22n to it. The nonzero nuabders found in these squares

W
(7]

Se

[¢8

are cnecked for duplicates, and placei in an array called
PRIFR without the 3duplicates., These vaiues in PREFR represent

departments which are immadiately adjacent to the square about
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to be laid out; and their respective columns in the preference
matrix are all searchad in precisely the same manner as Jdone
in ALDEP2. Ties are also settled in the same manner as before.
Each time a column is searched and a maximum selected,
its value is placed in WINPRF. After all the appropriate
columns have been selected and their selected preference
placed in WINPRF, this array of winning selections is searched
for a "maximum of the maximums". If no ties are found for the
maximum, the department number which corresponds to the
maximum is selected to be placed next. If ties occur in this
WINPRF array, the following procedure is followed: The
department numbers that correspond to the preferences in
WINPRF are placed in WINTIE and it is checked to see if it
contains duplicate department numbers. If it contains
duplicates, the duplicate number which occurs most frequently
is selected as the final choice and returned to LAYOUT, The
reason for this is that duplicate department numbers at this
stage indicate that placing the duplicate department will
satisfy at least two separate high preferences from at least
two departments surrounding the square to be laid out. If no
duplicates are found in WINTIE, then the ties that are in it
fcr maxiaum preference are settled in the usual random manner.
This final selection is passed back to> LAYOUT as the next
department to place in the design. Rarely, it occurs that no

preference can b2 found by SELECT (usually when there are only

o bl e S m A A Lt W
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a few departments left to place). In this case, the LAYOUT
subroutine is signaled by SELECT to make its own choice
(random selection).

A basic assumption has been made by the author in
developing this program. The assumption is that the objective
of the design process is to place the departments which have
material handling activity between them as close to each other
as possible, with priority given to higher activity rates
(11). This is the same basic assumption stated by Muther (1)
in his previously mentioned book on plant layout. The author
acknowledges that this may be an oversimplification in certain
situations, however it is generally a valid assumption that
the cost of material handling is directly proportional to the
distance moved and the number of trips made (12).

EVALU has also been modified from the original version
used in ALDEP which only checked the 38 squares immediately
surrounding each square it evaluated in a design. The new
version of EVALU checks these 8 surrounding squares through
the entire désign and records the score. Then it checks the 16
squares in the group immadiately outside the first group of 3
to s22 what preferaesnces are satisfied with one square between

a2 two departments. To illustraste this concept:

(4]
Cr
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9 10 11 12 13
X represents the square being evaluated

24 1 2 3 14 1 - 8 represent the inner square group,
9 - 24 represent the outer group.

23 3 X 4 15

22 7 6 5 16

21 20 19 18 17

The inner group of squares is scored as before but the outer
group is scored at one half the preference value when a
department in the outer group has a preference for the square
being evaluated., When the second scoring sequence is
completed, those preferences half satisfied are tallied and

the additional score is added to the first sequence score. At
the bottom of each layout, all preferences not satisfied are
printed out along with their letter value. At this point, a
note is also printed out stating how many preferences were
half satisfied and the amount they contributed to the layout
score. This method gives the evaluation a broader view of the
whole layout and allows more flexibility in the best designs
Zeneratad, It may seem that a preferance could be scored twice
this way, or that a higher than perfect score could be
acnieved, but this is not the case.

The main program nhas been greatly expandad over the
originsl one to provide more information about the layout in

the program output, Significant data parameters are printed

—_ s F
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out to enable the user to more easily find mistakes in the
input data. The program now summarizes, for all 3 floors, the
number of departments to place, the area required for
placement, the area available for placement, the preassigned
areas and the buffer areas in the layout. This summary is
printed in the program output to allow the user to verify if
all input data has been interpreted as intended and to make
errors in problem set up easier to locate. The addition of an
identifier for each workcenter, printed at the start of the
output as well as in a legend below each layout, makes the
layouts more readable and less symbolic in nature. The main
program also does the input and output file handling and
provides prompts and column numbers for 31l the required input
as an aid in entering the data. Error checking has also been
expanded by providing diagnostic messages for any input
conversion problems encountered by the program. The
theoretical perfect score of the job is now calculated by the

program, as well as the total number of preferences to

r

satisfy, 2nd how many =2r2 satisfied by any layout that is
printed out. Statistical analysis of the layout scores is also
provided at the end of the output; the highest scoring desigzn,
tha lowest scoring design and the average of all designs.

Tha DECODE subroutine nas been changed to allow the user

to specify any 2 digit number as the value of tha preferences

A - X instead of the constant values required by ALDEP. If no

W e R A AR s e
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preference values are supplied to the program, it provides
default values.

This new version is called OPDEP (for Optimal Plant
Design and Evaluation Program), because it tends more toward
optimal layouts than ALDEP does. The OPDEP program contains
approximately 1400 executable statements and requires 256K of
memory compared to 500 executable statements and 128K of

memory for ALDEP. The OPDEP program is written in Digital's

"Fortran IV - Plus" language, but can easily be made
compatible with other extended Fortran languages such as
‘ WATFIV or Fortran 77. The program is intended for use with a
CRT terminal system rather than card input but can be adapted

to batch input on cards if desired.

General Information on the OPDEP Program

A brief explanation of the way OPDEP handles the
input/cutput files and an sverview of the program operation is
i now provided. The OPDEP user is initially confronted with
‘ saveral questions t¢ answer concarning the {iles to be used
for data input or Zata saving, and whether the output will
come to the terminal directly or be saved in a file for later

print-out. The file opening and closing is done by the

X _
i program; the user need only specify the file name to be used.

s
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There are two restrictions on file names. First, when the
program asks what file the data is in, the user must enter a
valid file name. Second, a file name must be less than 10
letters long with a period after the name followed by three
letters, e.g. FILENAME1.DAT,

The user has the option of supplying data to the program
directly via prompted input or by specifying an existing file
as the locaticn for the program to get the required data. If
the first option is chosen then the user will be asked for a
file name in which to store the data as it is entered for
subsequent reuse, If a file name is not supplied, the program
points out that the data will be lost, then continues. If the
second option is chosen then a data file must already exist.

A data file will exist once data has been entered with prompts
because the program will save the data in a specified file for
reuse later. This saves considerable time for the user in not

reentering the entire file each time the program is run,

because the program is, in effect, creating a "data card

deck". Next the program asks where to send the output. The
choices are either directly to the terminal or to a specified
output file. The file must be less than 10 letters long with
3 period and any three letters after the period. If there is
something wrong with a file name specified, the program will
print an error message and terminate execution. Prompts are

supplied by the program, telling the user what to enter and
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what columns to enter it in. After the prompt message, all
column numbers are labeled to make entering the data less
confusing for the user., Some error checking is done by the
program as the data is read in with appropriate error messages
printed out when required.

The program continues to produce layouts until 9,993 per
run or all those requested have been designed. Only those that
score above som2 minimum score supplied by the user are
printed on the screen or saved in a file. If the output is
sent to 3 file rather than the screen, the user can follow the
progress of the program by a statement sent to the screen
telling the score of the current layout, if it was saved and
how many have been saved thus far,.

The preference matrix is the most critical part of the

data set used by OPDEP. The program designs its layouts and
evaluates them by closely following the preference matrix. A

high scoring layout or "perfect layout" will only be as good

as the input preferences, therefore considerable work should

g0 into making this preference matrix as accurate and

«
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practical a representation of inter-departmental relationships

- -

-

3s possible. A prafaerenca matrix not zarefully analyzed and
prepared according t$o some consistent criteria will result in
plart layouts that may score nigh, but in reality will be 37

little vaiue in developing a2 final plant layout.

-

The matrix may be constructed based on any criteria

i
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chosen, but the best results are generally obtained by using
material handling activity between departments as the primary
criterion for establishing preferences between departments. In
this program, an A represents the highest amount of material
handling activity, with E,I and O representing progressively
lesser amounts of activity. U represents no material handling
activity and X represents some undesirable relationship such
as the president's office being located next to a 500 ton
press. It should be noted here that the X preference should be
used sparingly since it tends to result in low scoring layouts
if used excessively with a negative value associated with it.
If used with a zero or positive value as the lowest level of
material handling activity, then the X preferencs does not
reduce the quality of the layouts.

The numeric values of these preferences are supplied by
the user and have no specific units associated with them, but
the intended units are pallets/day or parts/day or
barrels/week, etc. In other words, some consistently applied
unit size that [s associated with material handling activity

nust b2 used, If, for instance, the highest material handling

activity in 3 layout prodiem is 25 psilets/dzy between
departmants trhen the user may Wwish Lo 2noose the numeric vslu2
€ A 2as 25, If the na2xt highest amount of material handling

azwivity is say 15 pallets/day then the valuz of E may be

2hos2n 2s 15 and so 9a down to 2 valu2 of O for U. When
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choosing these values one should keep in mind that with only

5 relative steps to work with (A,E,I,0,U) not every different
material handling activity valuz that occurs in the layout
problem can be represented by a different preference letter.
So one may have to group material handling activity values and
assign some average value to the preference letters. Inclusion
of the X preference as one that represents material handling
activity gives 6 relative steps.

If it is desired to have two departments laid out close
to each other for some reason other than material handling
activity, then a high preference such as 4 or E may be entered
in the matrix to insure their proximity in ths layouts. This
should only be done when necessary because these "artificial
preferences”" tend to complicate the layout if used

excessively.

) The program disregards the size of differences between
. preferences, discerning only that one is larger or smaller
than another., In searchning the preference matrix the program
1o0%s far tne nighest preferencze in a particular column

~ .y e

{wn2thar tha highest number 1s 1572 greater %£han 311 the

ata2rs or dnly 1 ogre2z2ter d22s 70t matiter in noodsing the
nignest graference)., Its ch2ice 4ill always De tn2 highest
vaLu2 and in c33e of ties a choica s made amony the tiel

jepartmants randomly to allow for variadility in layout

design., Tn

[1°]

effect of large diff2rences in magnitude batweaen
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preference values is that it makes the layout scores biasead
toWards those which satisfy the relationsnips with the large
preference values. Normally this is a desirable thing since

the user will want the higher material handling activity

departments close to each other. An example layout problem,
presented in the next few pages will illustrate these concepts
and serve as a model for setting up data files for other plant

layout problems. )




CHAPTER III. HOW TO USE THE OPDEP PROGRAM

Example Layout Problem

Consider a hypothetical factory which produces parts for
lawnmowers. It has 16 depts and the layout is restricted to an
area of 5000 sq ft approximately 53 ft by 79 ft.

The first line of data required by the program is the
date and the name of the layout. The date must be entered in
cols 2-21 and the layout name must be entered in cols 22-41,

Here is the way the first line appears:

December 1, 1979 RECOIL STARTER MFG.

The next line contains two seeds for the random number
generator. These numbers must be odd, positive integers 4

digits long and they are entered in cols 2-5 and 5-9, as:

~J
A

~a
o
wm
-
Lo
u

Th
P

e

IS

(1]
73
W

Xt liness contain data which control the layou: s

and 2esign. Three lines of data are entersd here, one for each
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possible floor. The first line pasrtains to the top floor, the

second to the main floor, and the third to the basement. If
H any of the floors are nonexistent in the layout, a blank line
is left for that floor. In our hypothetical case, only one
floor is available so the first and third of these lines will
be left blank (the main floor is used in one floor layouts).
All three lines have the same format when usad. Cols 2-3
contain the col number to begin placement. Always use 01 hare.
Cols 4-5 contain the sweep length to be used in designing the
layout (the number of squares to move right or left before
i going to ths next row). Small numbers (02,03,04) generally
Wwork best, Cols 6-9 contain the number of squares available to
; layout on this floor. Before doing this one must decide on the
square size to use in the layout. One approach is to use the
size in square feet of the smallest dept as the square size
for the layout. In this case it is 250.0 square ft. Since the
'f square root of 250 is about 15.8 one can fit 20 squares into
the floor space of 5000 sq ft or 5 squares wide by 4 squares i
: deep. So in cols 6-G 0020 is used. In cols 1J0-13 enter the
f

N width h

O

[{}]

floor in squares (C305), in cols 14-17 enter the

ct

ot

n

a

9
[{"]

floor in squsares (2004). Th2 nexi three linas

(8}
ct

b dep

! loox like this:

70330323323300320
. 01020020007352324
. 000392202302003023
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The next data line contains the square size in sq ft, the
rcunding factor to use in calculating the number of squares
for each department, the number of layouts to run, the minimum
score required to be saved and the minimum preference to
consider in listing those not satisfied by a particular
layout. In cols 2-6, enter the number of square feet in a
square with a decimal point (250.0). In cols 7-10, enter the
rounding factor (use 09.6 always). In 11-14, enter the number
of layouts to be run, maximum of G,999 (say 0005 for this
example), note that it takes a long time to run more than 509
layouts., In cols 15-18 enter the minimum layout score required
to be saved (0550 is used here but for a first run the user
will just have to guess or use 0). In cols 19-21, enter the
minimum preference value to be considered in printing out
those preferences not satisfied for a given layout (001 is
used here but on some layouts one may wish to use a larger
number to limit the list length). The next linz looks like

this:

252,

«Q
O
(@]
(@A)
(]
(&)
(]
(V1]
O
O
ul
(9]
Q
(@]
-a

Th2 naxt data line contains 3 fieids which specify the

format to be usad for the top, main and basement floors. If no
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layout is to be done on a particular floor enter (02I3) in
that respective field. This is because a border of zeros is
printed around each floor and if there is no layout to make,
then only two rows of two zeros are printed out to signify an
empty floor. In cols 2-7, enter the format for the top floor
layout (since there is no top floor (02I3) is entered). In
cols 11-15, enter the main floor format (since there is a main
floor enter an integer 2 larger than the width of the layout
in sgquares, this layout is 5 squares wide so use {(07I3)here).
In cols 18-23, enter the format for the basement; since there

is no basement (02I3) is used. The next data line looks like

this:

(02I13) (0713) (02I3)

The next series of lines are department data lines. They

contain a department number starting with 101 and
progressively increasing in a continuous manner through the
last department. Zach lin2 also contains a size specificaticen

in sguare feet with a decimal p:., and an identifier for the

department up %o 20 characters lonz. At the and of these
department data lines 2 blank line is inserted to signal the
end of this type of data. In cols 2-4 enter the 3 digit

department number beginning with 121 up to a maximum of 163,

e o I s g
-~ '




for 63 departments. In cols 7-13, enter the department area in
square feet with a decimal point. In cols 16~36 enter the name
of the department. This series of lines for the example looks

like this:

101 500. RECEIVING RAW MAT.
102 250. RECEIVING PCH. PTS.
103 509, SHEAR

104 250, PUNCH PRESS

105 250. PLASTIC MOLDING
106 250, BRAKE PRESS

107 250. FORM PRESS 250T
103 259, ARC WELD

109 250. WELD CLEANING

110 250. SUBASSEMBLY

111 250, PAINTING

112 250. DEBURRING

113 250. DRILL PRESS

114 250, WIP FOR ASSEMBLY
115 590, ASSEMBLY

116 500, SHIPPING/WHSE

The next sequence of lines contains the preference
matrix. Suppose that from the from-to charts and other
material handling data for the hypothetical factory, the

mAats

[B]

rizl handling flow bstwean workcenters has been summarized

w N

3
cr

[t

i units of forklift trips per we2x as follows: 197 to
122 is 24 trips/wk, 131 to 105 is 7 trips/wk; 102 to 103 is

-

7 <rios/wk, 102 to 110 is 3 trips/wk; 133 tc 104 is

n

5
trips/wk, 103 to 105 is 6 trips/wk, 103 to 107 is 20

trips/wk;104 to 106 is 26 trips/wk, 104 to 107 is 3 trips/wk,
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104 to 108 is 7 trips/wk; 105 to 112 is & trips/wk; 106 to
108 is 26 trips/wk; 107 to 110 is 19 trips/wk, 107 to 112 1is
7 trips/ week; 103 to 109 is 25 trips/wk; 109 to 110 is 25
trips/wk; 110 to 111 is 25 trips/wk; 111 to 113 is 8
trips/wk, 111 to 114 is 20 trips/wk; 112 to 115 is 6
trips/wk; 113 to 114 is 19 trips/wk; 114 to 115 is 21
trips/wk; and 115 to 116 is 28 trips/ wk. It is possible to
categorize these material handling intensities into A for 28
trips/wk, E for 24 trips per week, I for 20 trips per weex, O
for 7 trips per week, U for O trips per week and an X
relationship is not used in this problem. Enter in cols 2-4
the department number in the same order as the department data
lines above. In cols 5-57 enter the preferences A,E,I1,0,U,and
X with 3 for the diagonal. Use capital letters only.
Assembling all this material handling datsa into a matrix

results in a preference matrix which looks like this:

1018

10203

103E43

104UUAS

1255 JUUS
105JJ0A3SS
107UUIOUUS
133UDYSUAUS
103JJJUUJIES
P10J3UJUUIUES
T1IUUJJUUIUYES
1129JJ4SU0UUYds
113U0UUUyUIYICUS
1148UJUJUUYUUULIUIS
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1150IUUJUJYUUUUOUIS
116UUUUUUUYUUUUUUUAS

The next line contains the preference integer values. In
cols 3-4 enter the value of A (28). In cols 3-10 enter the
value of E (24). in cols 15-16 enter the value of I (20). In
cols 21-21 enter the value of O (7). In cols 27-28 enter the
value of U (0), and in cols 33-34 enter the value of X (0).
These values must be right justified in the field. Th&s next

line looks like this:

23 24 20 7 0 0

The next lines contain preassignasd area information for
the program to build the preassigned matrix. Suppose that the
truck dock for the factory is located at the northwest corner
of the building and that the user does not wish to relocate
it, so the receiving raw materials department must remain at
its present location. OPDEP allows for this type of
rastriction., Since dept 101 has 503 square feet it will
require 2 squires to be preassigned for it. The ccordinates of
thas2 two squares, decause they are located at the far lef: of
tha North wall will b2 1,1 and 2,1. Suppose the user wants o
Keep the Shippinz/ warehouse (dz2partment 115) in its present

location =zt tne far right of the North wall in two squares
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whose coordinates will be 4,1 and 5,1, The column numbers in
the example go from 1 on the far left to 5 on the far rignt,
and the row numbers go from 1 at the top to U4 at the bottom of
the layout matrix. If the user wished to preassign the bottom
right square in the matrix, its coordinates would be 5,4, The
next few lines give complete instructions for entering
preassignment information,

If no preassigned areas are desired, enter a capital A in
col 2 and hit RETURN. If a particular dept is to be restricted
to a certain floor in a multifloor layout, enter an F in col
2, the dept number in cols 5-8, and ths number of the floor (1
is top, 2 is main and 3 is basement) in col 10, 1If a
department is desired in a particular square or squares of the
layout matrix, enter an A in col 2, a 1 in col 4 (use 2,3,4
etec, if the line is the second, third or fourth continuation
line of a department since only 14 squares can be designated
on one line). Enter the department number in cols 6-8, enter
the floor number in col 10 and enter the number of squares the
department will occupy in cols 11-13(right justify). Enter the

coordinates of eacn square the department will occupy starting

[

Wwith the col# in zols 14-15 (right justify), the rowt in cols
16=17(right justify), and so on for each sgquare tc be occupied
by tha department, Use 2 cols for the col# and 2 cols for the
row#. Up to 14 squares can be designated on o2ne line, then it

becomes na2cessary to use continuation lines. When 12ll
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preassignsd areas have been entered, on the next line put an
A in col 2 and hit RETURN. The preassignment lines for the

example look like this:

- O
O\ —
n N
n
=
-
(G2 V]
o

The last line of data required in the data file is the
answer to a question from the program. The question is: Do you
want the sequence of scores gzenerated by the program printed
out? The only time this option is of any value to the user is
when the run is made with new data and the minimum score is
set too high, soc no layouts are saved. The score printout
option allows one to see what range the scores were in, so the
minimum score can be readjusted downward. The user could alsc
look at the average score statistic at the end of the output.
As a general rule the answer to the question should be NO or
bilank spaces entered in cols 2-4, This option was added to the
gcrogram as a convenient means of obtaining all the layvout
scoras for statisticzal normality testing. The complete data

file of the example prodblem is provided here:
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December 1, 1879
13573579
002000000009000000
0102002000050004
000000000000000000
250.000,.600050650001

RECOIL STARTER MFG

(0213) (0713) (0213)

101 5090, RECEIVING RAW MAT.
102 2590. RECEIVING PURCH.
103 500. SHEAR

104 250. PUNCH PRESS

105  250. PLASTIC MOLDING
106 250. BRAKE PRESS

107 250. FORM PRESS-250T
103 250. ARC WELD

109 250. WELD CLEAN

110 250. SUBASSEMBLY

111 250. PAINTING

112 250. DEBURRING
113250, DRILL PRESZ

114 250. WAIP ASSEMBLY
115 500. ASSEMBLY

116 500. SHIPPING/WHSE
1013

102US

103EUS

104UUAS

1050UUUS

106UU0AUS

107UUI0UUS

103UQUOUAUS

109UUUUUUVUES

110UQUUUUTIUES
111UUYUUYUUUES '
112UJ0UJ0oUoulUus
1130U8UJUuuduIouUs
TI4UJUUYUUUIUIYE

115U IZUUUIUIIIUOLIS
V18ULUUUUIUUUTIUIAS

23 28 29 7 J 0
11012 21120
11152 2415351

= 3> e

9
Using this file, scores in the 30 to 35% range are easily

achievable within the first 100 layout attempts. The
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percentages refer to percent of a perfect score, where the
perfect score is calculated by adding up 211 the preferences

in the preference matrix, then multiplying by 2. The 2 factor

comes about because each preference entered is considered to
be 2 preferences by the program. For example if 101 has a
preference of 24 for 103, then the program also counts this as
1 103 having a preference for 101 of 24. In the example problem
the theoretical perfect score is 795. The original ALDEP
program from IBM, modified to use the same VAX random number
generator, the same scoring subroutine and the same data file,
is unable to design a layout that scores above 34% in 59200
attempts. Tnis data file is available for use as test data in
the OPDEP.TST file., The user may wish to run the program with

this file to become familiar with the program output.

' Some Suggestions for Better Results

The program will generally produce layouts in the 75% and

nigh2r range for any Jdatz set, unless thz preference matrix i3

i

5

.

1‘ unusu3ally complex and large. Th2 user should b2 cautioned
¥
H

[\%)
(VY]
[
)
3
(7]
r
U

13a2inz unnecessary constraints on the laysut by
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ence matrix with 2xtraneous relztionsihips
between Jdepartiments. really not necessary. 1 no necessar:

tionship exists between two departments, than enter it =3

~ eRehie *,‘;*‘j
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a U relationsnip and not some other letter. Too many
preferences in th2 matrix take some flexibility away from the
designs and unnecessarily complicate the design process.
Another common mistake is to make the square size too small.
There is no advantage to a square size smaller than the
smallest department area.

A technigue that proves nhelpful in finding the highest
possible score for a layout involves running ths program the
first time for about 209 layouts. Then, if some of the hignest
scoring layouts have departments laid out in an acceptable
are, preassign ths departments to that area for thsz next run.
Run the program for another 200 layouts, increasing the
minimum score slightly to keep the volume of output down.
Rapeat the same procedure on a few more departments until a
satisfactory layout is obtained. This procedure tends to guide
the program in the rignt direction and eliminate some of the
lower scoring layouts. Also, since the program looks at
preassignad areas as well as areas already laid out when
selecting the n=2xt department to place, the preassigned areas
won't lower the score, as they do in the IBM version.

Another method of finding nigher scoring designs is %o
vary the sweap length parsmater. Values from 91 throuzh the

widta of thz building may be tried for this parameter, Do not

b

use 2 value larger than thz width of the building in squares

or the layout matrix will be distorted. This technique will




usuaily uncover some better layouts than can b2 found using
just one valu? of th2 3weep parametler,

On complex layouts it generally 1s not possible to
achieve a perfect score. However, szores in th2 75 to 387

range are ususlly achievable within a few rundrad atten

v
cr
w

In evaluating any layout produced by the program <

]
-
ct
]
—
3

factors should b2 considesred. Som2 of tnese factors are:

1. The possibie lacx of conforaity of departmant snap2s.

2. The possibill
snipping aieps
ouilding.

Ty
re

of unreasonabl
2 a2

resu;
at being ol n

a -
= -

~ B *

] eI 1 un

3. The lack of concern for cverall facility flexibility and
expandability.

4, The need for aisle space and work in process area.

It is hoped that the user will enjoy letting the computer
"do the work" once the data file has been written. The program
is of the most benefit on those layouts that are large and
complex. It does a zood job on smaller ones 21s50, but if they
are very small, they mzy b2 laid out just as well by hand.
This grogzram, if propsrly used, should save time for the user
in finding some gQuite good laycuts whnich carn 21M0st 2.ways be

improvad upon by caraful ans




CHAPT

o~
~

Throughout ¢
1ayouts ware comp
number of layout

pe discussed 1t

when chanzed can

5
generator to cont
layouts. Tne best
layouts produced
computer progran

appearance only)

The first layout problem is the one used in the example
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ER IV. RESULTS AND CONCLUSIONS

omparison of Program Results

he development of OPDEP, the program's

ared with those of ALDEP and ALRANDOM on a
problems. Three of these layout problems will
nis sa2ction,

w2r2 run using identical data sets 2xcept
tnhe MUST input for ALDI?, because this value
make some inprovement in ALDEP's layouts znd

~ 1t varies with the layout problem., As

all programs use the same random number

rol the effect of random chance on the
layouts produced by each program, the best

oy hand methods (preassigned into the

for scoring verification and uniformity of

are all included at the end of this section.

Reccil Startesr Mfg Company. This is a

1 grodliem of ¢ourse, bu%t in constructing thais

ne othars, an attampt was m3de to make the
b

[8}]
1%

valuated using common

w
(5]

nod, In this

cr

the prozram's evaiuati

[0}

am

(3]

aroblem tnare are 2 total of 435 prefersnces to satisfy and 14




departments to place anywhare in the layout in order to
satisfy them. Receiving and shipping departments were
preassigned to make sure they would be placed at the outside
edge of the building. ALRANDOM was run first to be used as a
lower bound with which to compare the effectiveness of the
other two programs., Table 2 shows thz results of the various

methods:

Table 2 Performancze Comparison on Yypothetical Problem 1 *

Prograzm Best score Worst scor2 Average Attempts Time

ALRANDOM 652 196 443 5000 7.3 min,
ALDEP 672 210 52 5000 3.7 min,
OPDEP 752 562 670 109 .8 min,
Hand methods 772 n/a n/a many 5 hrs.

* The theoretical perfect score of this job is 7995.

A complete sample output of this problem is provided in

Apgendix A, From these resuits 1t a2ppa2ars that the cnly
somputerized mathcd tnat gensrated 2 gocd enougzh layout e
ccnsider was CJFOIP., With =z reascnably smasll and uncompliczated
13yout problem suzh as this an2, the ncancomputar methods ara

The naxt laycut prodlam £o 52 discussed is an actuszl on2
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and concerns a medium sized agricultural products manufacturer
located in a small town in Eastern Iowa. Data for the layout
were collected in visits with the engineering department at
the manufacturing facility. The actual material handling flow
between workcenters was not directly available. The required
data was gathered by study of the routing sheets and careful
inspaction of the material handling system. The company
engzineers fa2lt the resuits would be most beneficial to the
company if those departments which could not be moved, were
constrained to their existing locations. Therefore, 11 of the
total of 33 departments were preassigned for all the layouts.
The facility is on2 floor, 230 feet by 225 feet; using a
square size of 500 square feet, this equates to a layous
matrix 10 squares by 13 squares. Using the program scoring
criteria, the existing layout of this facility scores 415. The
preference values used in this problem are A=24, E=7, I=3,
O=1, U=D and X=-9, Table 3 shows the results of the various

methods.
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Table 3 Performance Comparison on Actual Problem *

- e o — - A T D e i e e WD W Sh e A S D R e MR D N T WS W T S W S D D W

ALRANDOM 565 4 312 5000 356.3 min,
ALDEP 582 72 310 5000 40.2 min.
OPDEP 792 370 571 500 6.0 min.
Hand methods 342 n/a n/a many 1 day

- v D WD S > W A = e e M R S D fm e ey Y T N e e e A N R W e G D e . A S Gp ap - -

* The theoretical perfect score of this Jjob is 340,

Tha only good design produced by a computer program was
the one design=d by OPDEP. The large increase in OPDEP's
scores ¢ >mpared to the other two programs is partly due to the
much larger numbter of random arravs that are possible with 33
departments vs 16 departments on the previous problem. The use
of preassigned departments also tends to decrease the
performance of the ALDEP program for the reasons outlinsd in
Chapter II1. The Engineering staff of this company who wished
to remain anonymous, ware favorably impressed by these results
from 72PDEP. They commented that they had been unaware that

US3D.2 rasults such as these c¢coulcé be obtained from a2 computer

[19]

srogramn, and they 2xpresssd a dasire to use the progran
tnems2lves for this purpose,.
The last layout problem to be presented here is another

nypothetical factory zalled th2 Bradley Tractor company. This
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problem was designed to demonstrate the performance of the
four methods on a very large and complex layout design
problem. This hypothetical company has 50 departments with a

large product line, therefore the material handling flow

batween the departments is very high and most departments have
a material handling flow to a large number of other
departments. This problem has been artificially complicated in
this manner to find what effect the complications will have on
the performance of each of the design methods. Th2 dimensions
of the layout matrix are 8 squares by 10 squares on a single
floor. The receiving departments and the shipping warehouse
were preassigned to ensure they would all be placed on the
periphery of the layout. The program is left with 57
departments to lay out. The preference values are A=40, E=32,
I=20, 0=14, U=6, and X=0. Table 4 shows the results of the

various methods on this problem.

Table 4 Performance Comparison on Hypothetical Problem 2 *

b ALRANDCM 3779 1330 2647 590  19.7 min.
t ALDEP 3325 1714 2504 520 21.9 min.

oPpE® 7104 4774 5939 159 3 min.
. Hand methods 7155 n/a n/a many 3 days
v TN Tha theoretical perfect score of this job is 13,452,
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ALRANDOM
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OPDEP
TRIAL LAT0UT 128 HRALLEY TRACTOR MFG. SCORE= 7104 EFFICIENCY= S2.8 %
PERFECT SCOURE =» 134%2
o TOF FLOOK
')
b3 .
MAIN FLOOK
9 ¢ 9 0 9 0 0 0 9 0 0
D001 212 18 146 3v 54 54 53 S1 0
S 3 7315 38 36 52 S A4S 46 0
)2 s & 40 37 37 5S4 56 40 55 0
T1d 085 v o4l 17 17 58 §° 57 80 0
919 15 154 11 13 47 59 57 40 &0 Q
19 24 0% 50 5§ 50 A3 30 29 0 0
3000 D1 5T N5 49 27 44 45 3L Q9
3 72 32 34 34 35 33 a4 32 77 0 0
490 0 0 0 0 0 0 0 0 o ©
BASEMENT FILLGOR
"4 \?
ACCORDING TO THE CE TADLE INFUT FOR_THIS
0% AND uo. INCLYT SE LEGS THAN 40, THIS
LATOUT TOLS MUY S THESE PREFERENCES®
DEET NERS TYR DEPT NBRS  TYFE PREF DEFT NBRS  TYFE FPREF
W) 102 A 121 102 A 132 102 A
111 193 A& 136 103 A 107 104 A
114 L4 A 117 105 A 104 107 A
Lis 97 A 103 {il A 104 114 A
157 ilo i lag 113 A 105 117 A
132 Lég A 103 119 A 102 151 A
UM ) A : A 1 6 A
113 137 A %%9 iés A 18; fga A
153 157 A 154 157 A
#» NOTE ## THE ABQVE LIST DUES NOT INCLUDE 98 PREFERENCES HALF SATISF1EN
SECAUSE OF_A_ SOUARE EETWEEN THEM, WHICH INCREASED THE scong oF _THIS LAYOU
EE$1”“’rr}&cls S?EIHLE TG SATISFY ALL PREFERENCES BY THESE CRITERIA AND
GET AN CERFECT <

SFIES 108 OF 134 FREFERENCES INPUT THAT ARE > OR = 40.
i LEGEND (F DEPARTMENTS USED IN LAYOUT

e e 4 e e e o " - s S e s e 0 = -

! L WECY'sG KAw MaTgERIALS 2 Kaw MaTerraL HWrse, 3 SweEarl
s t 4 gplAan) S IMEAR 6 InonwORKERL
i 7 lAauNwORKERD 8 PuncH Fress S07 9 PuUNCH PRESS
! S runoH o rpages 297 11 Hraxke 1007 12 Braxg SOT
13 Heawe 9507 14 Foam Fress 2007 15 FoRm #RESS
L5 ARC HELIIMG 17 SeroT HELDING 18 MIG Weguprmn
17 LerTHEl 20 LaTtwel 21 LaTHed
Y TumkrET LaTtnel 23 VeEnT Mioul 26 vYear MILL2
o Hanx: Mreel 26 Homxz Htth 27 TurmreT LATHED
o8 £OATHING 292 CrncuLe YncAn gg SPIN MAaCwul
i1 )P'H MAachl 32 Banp Saw CUT (lFr Macw
. T5  TupeAapgenrl 35 THMREADERY 33 SDGE ROLLER
‘ I SueAssEMBLYL 38 RoLLERL 3 §OLLER-
. 23 pAT v Ass Al SWEDGE _PIN A DmiL Pressi
) <7 Y_amMiz CUTTER 44 DAz Fress? 45 Press 257
45 rAges i 47  DesunnINGl 48 DesumrAINGD
47 Z3AND MGOLD 5% CasTIng gL Ny, Hovarn
' LD TAarNTING 3 PLASTIC AsSY 4 UBASSEMBL Y.
Y YURCHASI PAATI REC S6 NWIF Assemecy 57 FinaL Assem
, Ly LMerLcvroml $9 INsrECTION2 40 SwrreING




OO DO

[=Te)

SN

PSS B SN

L AIPIRI -
U

NP e e LI
[VEVITS

TR

o

HAND METYCDS (CCMPUTHR 3CCRED)

TRIAL LAYOQUT 2 BRADLEY TRACTOR MFG. SCORE= 271564 EFFICIENCT= 53.2 %
PERFECT SCORE = 33452
TOP FLOOR
MAIN FLOOR
g 19 l0 12 49 “0 bg g g
2 120 18 245 S6 G2
375 i; 3§ 38 32 g1 56 32 9
S B 40 L7 37 54 G4 53 5% 9
Ui 4588353338 3
1314 L1 43 47 S5 37 &0 60 9
24 0% 50 90 90 A3 30 29 0 0
23 21 28 4% 27 44 43 31 O O
ol 25 34 3YH 33 44 32 7 0 0
¢ 0 0 9 Q0 0O 0 92 0 9
BASEMEMT FLOOR
ALLUNDINMG G THE MREFEREMCE TABLE INFUT FOR THIS
N AMI_MOTT INCUULING THOSE LESS THAN 40, THIS
CAYGUY DOES NOT SATISFY THESE PREFERENCLS:
LEFT leﬂ TYPE FREF DEPT NBRS TYFE PREF DEFT NBRS TYFE FREF
v 102 A 121 102 A 132 102 A
Ll 193 A 134 103 A 107 104 A
i 104 A 117 10% I3 184 107 A
11e 107 g 103 11% A 1 : 114 2
197 5 ] a 1
194 e A 193 1A A 133 138 A
113 132 A 103 134 A
e MOTE we THE AROVE LIST DOEG NOT INCLULE 96 FREFERENCES HALFE SATISFIEDR
SECALUSL OF A SAUAKE BUTHEEN THEM, WHICH INCREASED THE SCORE OF THIS LAYOUT
AY1135, (T [§ ROSHIBLE TO SATISFY ALL FREFERENCES BY THESE CRITERIA AND
GET A CERYECT SCORE
FHIS AYOUT SATISFIES 114 OF 134 PREFERENCES INPUT THAT ARE ) OR = 40,
LEGENDI OF DEFARTMENTS USED IN LAYQUT
KEC 2’ RAW MAaTERLALS 2 QA» MATERIAL WHSE. 3 SwHeAR)
DA S SHEARS 6 IRONWORKERL
£ \'uoﬂ%Fn“ 8 PuncH Fress S0T ® FuNCH PRESS
Somte VRESD 29T 11 Braxe 1007 12 Brawxg SOT
‘nAxs T 14 Form FrREgss 2007 15 Form™ pRESS
SRC WELDING 17 SpoT WELDIING 18 MIG WeLdine
LatHel gg ATHE 21 LatHel
foeneT LATHEL - cRY MiLol 24 Vgrr MILL?
Moer- Mroll 26 HomTz MrILil2 27 TumrreT LAaTHEZ
TROALHTING 29 CIRCLE LmEAR 30 Sepin Macul
Gen Hacmz 32 Banp SaAw 33 Cur OFF Macw
Trinzantal 35S TwREADERD 36 ED2GE ROLLER
;unAsssnaLvl 383 KotLER:l 39 “oLLER2
B 41 SwEDGE PIN 42 URILL FaEgssl
44 a1l Fress? 43 Press 2857
47 [Desurringl 4 [lesurnrING2
PAND MCLD 59 Cas-iInNe S1 INg., MOLDING
CATHNTTNG 93 PLasTIC ASSY $4 SusAasseEmeL D
FURCHMASE PARTS REC 396 WIP AgsemeLv 57 FrIinaL AsseEm
IMGPEITTAND S7 InspecTIaND 60 SmzPP:5NG
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The methods of Cnapter 11l were not used in these
comparisons because thay are intended to show the bast results
the programs can 2chieve without outside interaction by the

user, If the m2thods of Chapter III are used to guide the

program's 22signs, then layouts which exceed the best ones
designed by nhand methods can genesrally be achieved, In the
Sradley Tractor problem scores in the 7300 range were obtained

by tnis method. The next section discusses the relative

performance of t

o2

2 programs.

. Conclusions

The superiority of OPDEP over the other programs is even
more apparent in the last problem than in the first two

problems. The bast scores gen=rated by the ALDEP and ALRANDOM

programs are only about 50% of the best score generated by

ZPDEP., The improvement in performance of OPDEP over the other
orogrzms s22m3 Lo 2 proportional to the size and complexity

2f th2 problem involved, This is 3s a2ne mignt e

>
O
6]
[¢]
ct
)
3
<
-
(1]
b3

P S
3. Tne

12zic whizh governs Z2partment placement in 2azch of the

crograms. The supariority of ALDEP over ALRANDCM cannct be

-

conzluded from the results of these layout problems, nor fron

"

any of ths othar prcblems attempted by the z2uthor. It appea

8 |
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that both programs produce approximately equal layout designs
on any given problem and they are both more dependent on the
random number generator than anything else. In all the layout
problems attempted by the author, the noncomputer methods
eventually enable one to design a layout that is better than
any designed by a program without interaction by the user.
However, using the techniques in Chapter III of this paper,
even Dbatter designs can b2 macde by the OPDEP program.

The OPDEP program is still limited somewhat in its
performance by some of the inhzrent characteristics of the
design algorithm. In this section some of these problems will
be pointed out toc thz2 reader.

The OPDEP program 1is restricted to producing those
designs which are possible by following the design pattern
determined by the LAYOUT subroutine. This pattern can be
varied by changing its parameters, but some designs are
prevented from developing because of this pattern. It is
possible that some of the =liminated designs would be very
good ones, so it seems that a3 more variable pattern should be
Javeloped to allow more flaxibility in the designs. Pernhaps a3

2 and spirals cutward ts the

p-a

Jesizn tast starts in ths midd

matrix boundzaries would be sz batter alternative,

-
3
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gy
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f the program is a tendency for multi-

\

S departments ©o De divided into several parts when a

uar

A
17

rge numtar of preassignad Jdepartmants ars present.

b
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Fortunsately this does not happen often, but i% is annoying
when this problem ruins an otherwise good layou:t design. Th2
changes required in the program to correct this problem would
not be difficult to make.

An additional feature that would make the program more
flexible, would be the added capability to include 3
preferenca for a department to b2 placed next Lo thes periphery
of the layout. This would be useful for eansuring that shipping
and receiving departments or dock areas would be placed in 3

reasonable location on most layouts. It 1Is now necessary to

preassign a dummy department representing the walls of the

facility and include a preference for this dummy department by
the dzpartment of interest or to preassign the department to

the peripnery of the layout. The preassignment alternative

plsces additional limitations on the layouts that are not

always nacessary and removes some of the flexibility from the
layout process,

The program is a3lso unable ©o 1ook ahead as the design
progresses Lo maxke decisions that will improve the design at

) . — . - B

nis is tne thiny Wwhich usuzally alicws th2

Y impossible, > implem=2nt in 3 computer prozgram. This
snortcoming is partially offset by th2 sgeed of the computer

made on eacth run.
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It was not the author's objective in writing this paper

to attempt to convince the reader of the superiority of the
computer in plant layout design. The intent was rather to show
that computer methods (OPDEP in particular), can be very
useful in solving layout problems and they can =2liminate most
of the tedious work involved in attempting to find the
optimum design combination. The final example in the previous
section was a problem that most pzople would be reluctant to
solve by conventional plant layout techniques. It is a problem
comparable in some ways to a linear programming problem with
63 variables and 241 constraints (the number of distinct
preferences 1in this problem's preference matrix). The marginal
improvement in the score of the hand made layout, as compared
to the one genesrated by OPDEP is so small that it may not have
been worth the effort.

The designs generated by OPDEP are not to be viewed as
final designs or optimal designs. They are rather to be viewed
as reasonably good design alternatives that may be unrealistic
in some respects, but are at least a good place to start

applying ansalysis 3and reasoning towards some optimum solution,
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APPENDIX A.

SAMPLE OUTPUT FROM THE OPDEP PROGRAM




FACILITIES LAYOUT - DESLIGN PROGRAM -~ (IFDEP

STAKRT NG NEW JU®B, RUN CODE = RECOIL STARTER MF DATE Deckmsen 1/

RANDOM NG. SEEDS ARE 1397 3579y

LuuAKt S1ZE 19 250.90

NUMBER OF LAYOUTS REQUESTED IS S

MIMN ACCEPTABLE SCORE IS 730

DAKIARLE FORMAT FOR THE LAYQUT MATRIX IS (0213) (0713

SWESS LEMGTH FOR TOF FILOOR 0
SWEEYN LENGTH FUOR MAIN FLOOR 2
SHEEP LENGTH FOR BASEMENT 0

INPUT MATRIX

191 S

I [P

193 £ U s

ida gAY

105 0UUUS |

e U YAy L

107 U U L QUi

o3 b O uUuouUAUS

Wy LYUUYUYUUVULEG .

119 uoguuuyulytkgyg

i1 UL UVuUuyuyywuyES |

1t uwuyguUuaouuvuys

113 WS LvLuuyvuuvuvuuuwousyg |
L1y YUYy uvuuvuyuuylyr:rs o
1 s lyuvuuwnpuuuvuoguly
118 LUYUUULUUUUUBUUVBUUULVLASY

EXHFLANATION OF PREFERENCES

A-NEPRESEMTS THE MIGHEST CATEGORY OF M/H ACTIVITY
E~-REPRESENTS A LARGE AMOUNT OF M/H ACTIVITY
T-REPRESENTS A MEDIUM AMOUNT OF M/H ACTIVITY
(I~KNEPRESENTS A SMALL AMOUNT OF M/H ACTIVITY
U-REPNESENTS MO MATERIAL MAMDLING ACTIVITY
{~-KEPAESENTS NO M/H ACTIVITY

NUMERICAL VALUES OF PREFERENCES

A= 28
[
= 20
YYo= 7
U = o
X 0O
SLOKING JF LAYOUTS
RO DEVARTMEMTS ARE LATD QUT ADJACENT, EIJTHER
o OF FURFENDICULAY TU EaACH_JTHEK, THE
CFERENCE [$ ADDED TC THE LAYOUT
TS ARE SEFARATED RY ONE_SGUARE
PEMDICULAR, nALY OF THEIR PREFER-
THE SCORE. THOSE DEFIS SEP#R#TEE
5ggg§£ HAVE NONE (OF THEIR FREFER-

(0213

1979




DECODE MATRIX

cn
o

cice

Lah Iala alelele ofoselalelale] Omo
AHNO OO OO OO ODOONO mJOS
140%0008000%&0%& hunmv.m
MO OOODOOOD QDD MJOO
[y tele sle s Ne JNa elelodale) MV.?O

HADOOOVCQ OO TOON OO0
=HOOMROOO OO O 040)%30
908000@450.%&00000
80707)86«»-0,—14 NV.\UOOOO [
-~ 08-/001-00’0. DONOODD
OOOM,/.UOOO .O\JA“\U\J\JOOF\
oo UU UOAuOO.J?OO\UO

40800 NK/./O OO D0
ct
-JI 88)70 OO DO DHDO0C0

7.)00008 NONODOD 000
o
A ODTONIDIO DOOOTDD (.«1.0
ci

NN L2 DI N0
CRODOTICT O i mded sndyd o od
P D £ s DU PR P e e )

20

0
TO LAYQUT=

IN ELDG.=

o

SQUAKES
SHUARES

508,
SWUAKES

aF
Q0K
OR

16

LL FLOOKS=

FOR ALL DEFTS=

REQL,
TOTAL BUFFER

SQs

rTAL

SUUAKRES AVAILABLE=

14
16

UERPTS TO BE FLACED BY THE DESIGN PROGRAM=

huU.
NQ.

2y THE UESIGN PROGRAM

TJ RE FLACED

sQs

o
< - >
xXx 0 - 2

[8) Z O X
20 - N oy}
o o o &
AL DI > ) <«

woo G508 23
AT O~ I\
XZZ o UWUIS DT XIAY

— GWOU WK Al
e T X

EEHULROREUACRL x
. L4&GL TIDNWL DX O

Ol ittt et dodv t vt et t? D

SUUARES

NU,

— QU LMY chJr.chcer DO
I-r.u)_c.ﬂ-_ LU I Eo [ VLN TR [ 173 VP )

rL

&

bl

&

)

2.

LR M Rt LI T T VRS P
VIO T NN DY e R EEY
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TRIAL LAYOUT 2 RECOIL STARTER MF SCURE= 730 EFFICIENCYs 91.7 %
: PERFECT SCORE = 7%6
i ‘ TOP FLOOR
9
MAIN FLOOR
0 0 0 2 000
7 NS W3 R
S N IR L IR B
' “+ > 7 14 12 9O
N S -
S O I I I
BASEMENT FLUOK
B ‘)
ACCORTING TO THE FREFERENCE TABLE INFUT FOR_THIS
J05 ANl NQT INCLULING THOSE LESS THAN 14 THIS
CATOUTT D08 NOT SATISry THESE TREFERCHCSS:
JEET NEKS T UYYPE PREF DEBT NERS ' TYPE PREF DEPT NBRS  TYPE PREF
105 101 Q 108 102 119 107 0
ol 168 a 102 108 o 102 113 i
W NQTC ww THE ABOVE LIST BOES NOT INCLUDE 6 PREFERENCES HALE SATISFIEY
SECAUSE OF A SUUAKE SETWREEN THEM, WHICH INCKEASED TME SCORE QF TH1S LAYOUT
By (=15 FOSSIBLE TO SATISFY ALL FREFERENCES BY THESE CRITERIA AND NOT

& FeERFECT TSCORL
PHIS LAYOLT SATISFIES 42 OF 48 FREFERENCES INFUT THAT ARE > OR = 1.
LEGEND OF DEPARTMENTS USEL IN LAYOUT

e e . = e s = em o o Y - -

L RECELUING KAW MAT 2 §FEE%U&N§UEB§SE 3 SHEAK
v rLhCH CRERS 1-AS - 5g
D UdRR ewEg8 s §  ARC WELT § EBCRECFEERS

I KA 5UFASSEHBLY 11 PAINTING 12 BEBURRING
T LSLLL ERESe 14 WIF (ASSY) 15 ASSEMBLY

HS IFFING/HARENQUSE

TR L S
[} NI
TOTAL ACCEFTEL i
AVLRAGE SCURL JF ALL LAYOUTS IS 470
MUNIMUM SCOKE (3 500  MAXIMUM SCORE IS 730

cnb CMESRETICAL fERFECT SCORE OF THIS JOF 1S 796
GuanE BRINTOUT SUFPRESSED
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APPENDIX 3. PROGRAM TO TEST RANDOM NUMBER GENERATOR
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30-daN-1Y80 14:05:09 VAX-11 FORTRAN IV-PLUS V1.3-22
UNITST.FOR. 1

L THE PURPOSE OF THIS PROGRAM IS TO TEST THE PERIOD OF

L THE VAX PORTLIBRARY FUNCTION UNIFORMLY DISTRIBUTED

iy, AANDOM NUMBER GENERATOR-UN]/) WHEN USED _TO GENERATE

L AM ARHRAY OF RANDOMLY ORDERED NUMBERS., THIS ARRAY 1S

L LIMITED TO THE RANGE | TO THE ARRAY SIZE WITH NO

> DUPLICAYTE MUMBERS AILLLOWED IN THE ARRAY.

L

C ¥imsT SET UP THE ARRAY_SIZE AND SEEDS.

DIMENSION NRANDM(6D) yNTEST(63)

PRIMT #)'ENTER RANDOM GENERATOR SEEDS'
HEAD ¥ NMODs NMOUL ‘

CALL ARANSET {(NMOD/NMOD1)

PRINT #)’Enven NTIMES anp NOD?

READ #; NTYIMES,MNOD

PRINT ¥/'ENTER MAXIMUM CYCLES TO TRY'
AEAD #)MAX

XNOD=NOD=]

MSUM=Q

NUM=0

NOW GENERATE THE ARRAY FOR WHICH TO FIND A DUPLICATE
QF .

(I

—

po 1000 I=1,MTIMES
KNT=0
NO=)
no 2Q0vYy J=
NRANDM
2099 courrNug
210 viEL= UNI Q)
' N= IFIX\YFL*xNon+.5) +1
212 no 2126 J=1l,m0

1rNnO
)=Q

F(NRANDM () ~ 2121, 2 712
2101 R e R B P S T L
2126 CONTINUE
2127 NAANDM(NO) =N
NO=NO+1

IF (nMO-NOD) 210,210,2128

=

OL
=
G
<

PLACE THIS OBJECT ARRAY IM AN ARRAY CALLED NTEST.

,:'t.

2128 po 50 K=1,mMnO0D
NTEST (K) =SNRANDM (K)

g0 CONTINUE
»
1, NOW BEGIN GENERATING A _SERIES OF ARRAYS TO COMPARE
L WITH THE ARRAY IN NTEST,
[
500 NO=l

25 3099 JJ=1,m0D
NRANDM DY =0
I3v9 COMNTINUE
3.0 vyFLEUNTOG)
METIFIX (YFLEYNODF, S) +1
3.2 po 31265 JlI=lsNO . .
IF (MRANDM(JJ) =N) 3121,310,3121
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30 JaN~1950 14:05:03 VaX-1) FORTKAN IV-PLUS V1.3-22
UNITST.FOR.1

3121 LF (NRANDM (I ) 3126,3127,3126

3126 CONTINUE

3127 NRANDM (NO) =N

NOENO+L

, IF (NO—-NOD) 310,310,3128

3128 HMNTEHNT+]
- 1F (KNT.GT.MAX) GO TO 9999
L NOw COMPARE EACH GENERATED ARRAY WITH NTEST vo SEE
L I¥ A DUPLICATE MAS BEEM FOUND. .

G

po 200 IJ=1,MNOD
IF(NnaNnM(IJ).Ea.NTsar(lJ)) THEN
1F{IJ.ER.NOD)} THEM

IF A MATCH IS FOUND FRINT A MESSAGE
FHEN GENERATE A NEW NTEST Aarrav.

T

PRINT ®*7'HA DUPLICATE NRANDM AHRRAY HAS'’
PRAINT ¥ /BEEN FOUND IN’ IKNT ' CYCLES. !
NESUMSNSUMYKNT
50 TO
END IF
ELGE A
GO rTo 00
; EMND IF
' ane CONT TNUE
co ro S50
L0000  CONTINUE
YRR pPRIMT #)  HNT=' IKNT
IF(HNT.OGT.MAX? THEN
! MGUMENSUMEKNT
NCveavENsUM/ -1
ELSE
NCYCAVENSGSUM/NTIMES
EMD XF
PRINT %s’AVERAGE # CYCLES BETWEEN DUPLICATE ARRAYS'
PRIMNT ®*, I8’ /MCYCAV
: PRINT %,’FOR AN ARRAY SI1ZE OF ' /NOD
: STOP
: END
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FLOW CHART OF OPDEP




FLOW CHART FOR OFDEF

OFDEF _MAIN FROGRAM

INITIALIZE VARIABLES

SET uUpP IMPUT AND OQUTPUT MODES
AS PER USER PREFERENCE.
HUPPLY DETALLED PROMPTS FOR
INITYIAL DATA ENTRY,

KEAD IN DaTAr DO LIMITED ERAOR
CHECKIMNG. PRIMT A DIAGNOSTIC AND
TEAMINATE IF AN ERPOR 15 FOUND,

Catl DECOUE
Catt ASSIGN

FRINT OUT AREA SUMMARIES AND
SIGNIFICANT INPUT DATA FOR USER
REFERENCE IN DERUGGIMNG.

CaLi. LAYUUT =<
CaL EVALU

loes
THE SCORE
EET THE MINIMUM
SPECYFIED?

i

SEND THE LAYOUT TO A
FILE OR THE SCREEN.
"

ALL REQUESTE
DESIGNS BEEN
COMPLETED?

NO

FRINT OUT STATISTICS
ON THE COMPLETED JOB.

TOF




SUBROUTINE DECORE

READ IN THE USER SUPPLIED VALUES
CORRESPONDING TO A»E»1,0,U:X.

ConveErRT THE A'E,1,0,U)X MaTRIX
TO A CORRESPONDING MATRIX OF
IMTEGERS.

A4
RETUREN

fEAD IN THE PREASIIGNED DEPARTMENTS
AND TABULATE THEM INTO A MATRIX.

COMPUTE PREASSIGNED AREA TOTALS ON
hLL+THE FLOORS .,

RETURMN

SURROUTINE EVALY

EvALUATE THE SUCCES3 oF THE LAYOUT anp
SELECT SUBROUTINES IN DESIGNING A LAYOUT
WHICH MEETS THE CONDITIONS OF THE
PREFEREMNCE MATRIX.

EACH PREFERENCE FULLY SATISFIED RECEIVES
FULL VALUE) EACHM PREFEREMNCE MALF SATISFIED
RECEIVES HALF VALUE.

CﬂLCtLRTE THE INCREASE 1IN SCORE CAUSED
8Y CONSIDERING DEPARTMENTS HEFPARATED 8Y
ONE SQRUARE AS WELL A% THOSE THAT ARE
IMMEDIATELY ADJACENT TO EATHOTHER.
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